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MAP SHOWING PHYSIOGRAPHIC DIVISIONS IN NORTH DAKOTA (MODIFIED AFTER SIMPSON) AND LOCATION OF AREA OF THIS REPORT 
I\) 
DWElll"OU latu. ,. . 0~ tbaae l*-8 AN of ~ adse. 
C11adie.. ftm State ot lorth Dakota hu a t 1111parata cliaue and baa 
'J,/ 
a -.Uo.ra geograph:loal. t1111eratare ~ !he 1aok o~ )JIIIIIDl!IMMd 
topognpld.e 1'•-- l.al'&e1a' ......... tb1a mlt--.t,-. The aldat ..... 
~. er t111e con:1...i cUaate 1a tille .. t1 ,._... ~ 
ha wJ.Jdllr ... M 111'. iJtlllw , ........ JAMt ~ yJ/' ~, NIAi, 
the UaS:W 8tlataa ,....._. 8'at,icm. a lllat:red ill Vall.a Ce..., ....,_... 
that the l.ocl1· ....... 1lf.ntar ....,....._. ta 1.1' ................. , tile 
su 1r --- ti ,--.tare le L28 ~"t. !he .... 1 ,,,,..,.._. • 
....,...38.3•......._ .. 
The pnoip1taUoa wr.tea ~t:. the 8'ate tJ'GIII an ammal law of 
lalN9 than lli hlelliea Sa t11e IDUthw8t, to • IIIIDUlll biab or ... tbaa 22 
~ 1a t.be ~ The area C081liclaNd. in this npu.-t. has a 8l'l'fM3 
pl'IIOipitatioa nap ot .fftlll 16 i11ebaa to 20 1 ..... .,1ng f1WII wn to -.t 
reepNt..t~. !he nda ad. ..., tllat. hlla !D· llortll ».tot& 1• derlftd llllill-
~ .troa t11e G1a1t or Jln::I• am u. J."1.anto 0.••· 
n.... and Pw. !bn-9 18 a lac1c of t'm:el1k 1n tat area 8IU"N)9d.. 
Aah, poplar, 1111low• 'boalde'r• ad pl.a we.. tOl"II the ~'7 of faren. 
Oniu and natarai _...... are tlle ~ •••trtoa. !h8l'e _.. __,. 
wild afw)e t'ound.1a tile U'II& !ha mN RIP :n>U·AN rabb1•11 
tcs, hactpr, ..... pphera, ll'blk ad. •• ..i.. Qua ;tGld !acl ... Ch:1--
pheatlaa\, ~ ~ ............ aar1 -· 
J 
~ The populat.ion ie predaeSnmtly nnl. Jblgby'• BuwJ', 
:r......_. am Lee4e are t.be dl1ef' ...._.. ot \ll'Nl1 pop&)a:t.tcm. 1'Jleu> 
. ti 
populat.:lona reapeotlwJ.r' are 287'. 2331>. 902 allll 782. !he ajarity' ot t111 
,-p1e derive tbe1r 11"f'ing f'roll 1'111'1d.aa and Ila ra:hdng ot liwataok. 
!!e!!P!l'!!t.1.cm 111111 GI 
--' ad Ollld.iU... ~ thue 1• a een19a llm dtl't nm. aDd --... 
-. 11a J'Nde are ...-1.q ......,.w. 1lo9' ot tbl ... 1a aezftcl bJ' .tale-
__. ad.~.. !lie ... ......_, - .. tlllll1. Pacf..fte rail:nadll 
..... '1le -- -· -.ta 1114 ...... lt.Ma. 
Ge1a D Mtt4o 9m ,.,-w ta 1lu1lla .D&IIDta 
!he JforUa hllDia Qeolqt.Ml s.r,ey hae 1llllidel"8kea a aerlee of ...-
.....-,tte 1a1NUgat..1.w. !Id.a •• ,., caaUwa ......_. 111e ...-t11111w 
Wl'k ... bl" •••• r. ••• Id aria& the .. .. of l,s':l a1ld plbUalle4 .. 
a.port ot ~ JTe. 6. Daring the pla\ a11 r ·1r II. BaYINB• O.logiat. 
lfarth Mota Oaol.q1oal SwweJ• ~ t.1le .S.,o1mn& w to the ..-. 
of \be area 00191'wd 1a W. repen. ..._, s ·...it has l,eea publ:illbld aa 
lepc,n ot ~- ._ 9. 
The field -* !'or the pNtllllll't il'IN.tiptlml wu becm .Jw 13. l,S2 
aac1 eoatl.DDld ~ ,.,,...._. 16, 19S2 ..._. Ute d1rect.ton •f nr. w.u..-. 
L J.drd. D1Netar o!' t.lle bt.b Dakota Oeol.oglcal Sm ,w:,. Tb1a ~-
p.td.Gn has reoeatJ.y 'bee pwb1:l.abed • Beport. of ~t.1- lo. JO. ._.. 
Dakota Geological. Su••T eqrdr111nt .. uecl t.11.ft~ tJae iaft~ 
Jbl&lw' aa clm9111 u the hue 9'11Uca. TIie .t'1rd ha1.t of the ...,,., -. daM 
nib a mu lea eenn.t.iw ~ Qaa lbe t1NODII .u. 
5 
~ P.d:r.lo1plaa 
The~ anbad. at~ inftl.wa v. ......-ch b/r ._Ji• 
JI, 
.... by .... 111 tbe plQwical propuUea at l'GGka. The .....U.0 mt.bid 
1a CC1111pli.oatiecl 1D primdple ad prut.t.ee w:1Pl7 bee•• 1111&• JDVPIC'V ot a 
NOk vhicb ctnend.w tme ~tJ' ot ...-u.u. bas be1ib ....S.'11111 a4 
~ &l,IIIJUe .a ... .tnll Vie NI IF r, root. _,. be eft'enefl by tlle 
..u....,. ... td.oa .... fl'ml ar.taoe ......... !be Mglll8t1o ialemd'Q' ...... 
111th tb8 di8'aoe .f.l'GII tlle ftlGII: .... 1a ......._ 
!!!PY! f!!I!• A lli11>le _. wpe~ ... be ,.._ to 1llartln.te tmt 
· ..-Uc toNe ot -. earth Id.nee tlleJ' both an a1wll•. Then at"8 _. polal!, 
and. tile ltJ.illn of 1'.,_. al d 1'ra. a poid near .. pole ot ta .....- to 
a po.tat mar tlae otller pole. Ir a 'ba'r 11q111R 1s p1YOlecl n i.t. oemer wo 
1111n 1t. can ..._. befiJ:r, 1.'ll. will l:i ne up a1oag t.lle eartll'• t1ald. The cma 
md. ot a 1lapltt, 1dll al-.,. point, in tile .-n1 direotton o~ the lerth Pele 
o£ tile earth. Rear tld.e .. ~· .. ~ u.. t.ba ·llOl"t.b •• •Jdna9 .. post.-
t.ift pole. The other eat ot the magnet, 1a \he •llDlltll IIHld.ng'I or neptd."9 
pole. 
!!P!!4! hne. WIiia *pol.as•£ ~ P• anl P are ......,. 
DJ' a dietaw r, tile tone 7 Niau• ... 1.• apruaed. u the reJ.att.am 
7 (•pe1d.e ftlr•) • 1 p.p 
~;t 
The permeabfi.:f..-t)" 1&...,... ld.th tile Jllllcl.1.at 1a 1111dch t.lle polee are ld.t-
.W. 7 la l .,_ *- ta mlt. pole• 1 • apan an al._._ 1a a ... 
6 
magnet.to ..U.a n.eb u air (• • 1). 
!:!i!!:!4! fteJ4.. The aapetic t1eld at.reagth at. a point. can be d.etined. 
u the rorce pe:r unit oZ ptie strength which 119111A he exerted when a ...n 
pole with a ~ ~ P• 1a placed. n this poin. The 1'1e1d trtrengih dlll to 
a pole o~  P a diatamce r nay aan be apraaeecl u 
• (11.u 8U'llllllh). • I . • Z , 
.. ..-
The Jllllguet.1.C field ~ 1a .......... U t.be dellldt;;, o'L the •lines ~ .terctJ• 
reprel!lel&ing tba tieJ.L The ~ ~ t.lw upet.10 field 8'irMgti,h ia the 
cU.rect.1en taat. a md.t. north pe1e W1lld. _..., The \lld.t. or B '11ml :ls ae 11m 
•.t :rerce par 9flUl'e cea~ • ....:I. te L :It. -. al• be def'1ne4 u 1 d,raa 
per ant, pale or u 1 oenteJL. 
!!et.1• -~ .la pelee do net. oocur aeparateJ1" tbe buS.c -.g:neid.o 
mdt 18 the cl.1po1e. !he diptle cond.Jrb o:r t. pol.ea o.t equl .....-. P and. 
d appoaite d.gn, aeparated. by a diatamce L. The ~ wilt o:r the d:lpela 
JI :ts datinecl aa tha prod.1ln PL ~ ·tu pale ~ aDli the .u..t.anae. 
B (Jllllg.'D8t,ic mrmat.) • PL 
Irdemd.tz o.t ~ti.en (Polariaat.ial• The polarisation ia the 
1ntenaiv ~ ...-i1sat.1-. In ~ wo:rk ..... tel)" magnetic material.a 
and wak fl.elti11 U'8 illportat.. 1'he imluDecl -.-u.at1a 1a in tM d:l.net1eJl 
or the applial fte1d ld.th· a ~ ~oa&l to t.he at:reqtm •~ tbat .f'1el4. · 
The 1at.eu11;J' ot :upet.isat.t.cm I 1a t.be ind:metl pele at:reqtm per 111111;. are& 
along an U"tt& 1IOl'!lal. to 1he iada.c1.ng t1elL 
9!!!!2Ubili!I:• .l ---- ct.e.rna1 fiel.d. B which ukee an angle • 
vi.th the norJUl. te the nr.tw oZ a lllll,D.llt.1c 118.t.er.Lal• bu a :hvJ11.114 pole 
at,nmgtlll per 11Dit at"NI 
I (Ind.ueed pole ........ per md:t uea) • kB 009 • 
Yor a t1el4 nonal to tbe aadue1 
!he psepwti~ om8'an.t k 19 called the ~-- Jla&mt,f.8 
mderi&1.a an it tt.y haft a pam.tiw ~-. n..t 
fteJd. TIie •tar1al.8 btmnc • aept.tw eaeoeptailit;y an dte pel:l.o. 
Di .-S-~ lnclnde ftllllk alt, ad ...,..!ta. 1Deee •• ,....,.,_o 
........ l1ne '11P 111.th llldr 1-+Ur ........ tllll aw]Jed f1eW. 
7 
pd.-_.. iml...S 1a a...._. al4 .-.,. dc11J.11p • fte1.4 ot tbeSI'-. B.•. 
1ld.9 W .ftel.d b ftlatad. lo tllll tataal'J' ~ X• - foJlHIWI 
11, (w- U.W Natpll) • 14'?1'1 
!be t:otal. ......,U.C f'1a imdde Ula ailm'i.al • --•ed. la a IUll"IOII' C&Y1t\'r 
td.tb an ale JMll"P8D.ti.CIWII" to the ftel4 1a the ~ ~ B, • 
.toll.N9• 
B (aapeUo lnd1:lo\loa) • JI • B1 • JI • Jain • II • la'rrlal • (1 .. hil":lt) B • 11B 
P91"111al>W.!rt The taW fte14 B, llllUda t.lle bodJ' h proport!OMl lo 
t..be ex--..1 ~ neld. !be pfaport,ioMH'1 ..._. .. (1 • Jftflf) 1e 
tlllJ ....... 111. -
11 (pm;ulb:Jl:Hr) • 4: 1 • litrk. 
PwaabW.tr" apn.••• '1lie JIDd1ftoaUon or the t'Ol'09 ~ •~ or npiL,,,. 
adfa 'tMttliten 1Mo ...-Uo ptla :la a ..tl• 'flbicb 19 itaelt ...,..U... 
•atdMl ~ It a ftlCk ....,i. 18 placed. ill m Gt.rmal t'J.elfl 
. 11114 N,IDIUNcl to •tanltaa aftm> wbich tile edier:aal. t1eld is l"MHlllil to 
-. t11e .......... at ta • 1 ri. ... an idiDa 11o -. 'fld.a 1e kmlll u 
la plaoe aJdld.~ • ....u.au. *1.eb C8IIIIDt. 'be ~ ap-1,dmd .. pol.al. 
uaU.Gll !ndlllNli by tba praa I L ftaW ~ 1lle ..-.. !be ~ o:t , .. u.-
...U. u on.a d1ft'ww8' boa ......... ~ .. i'\ -- ......... ..,. 
l'Nliltad ot t.be. c1ll'll'Ct ~ aad the l'Uidul ~Um ,,.. • 
8 
cl.Uterent, .field. 11hich existed 111h• the rock wu t:1.nt :tOIWMi. 
Ua:1.t ct Field. l'ateaai!f:. In wd.ng ugna'1c •thou, Yllriationa in the 
iatensit;J" or.,..~ or the iatemd.'7' ot the eanh's .._u.c field 
are ........._ The oerated. v ga;aas is the ~ 1Ud.\ ct ftel.d. intend:'7 .. 
The t.ta1 aape-tic illtemdt,y ot 'tbe earth i• about, l/2 Ml"etad. Because 'Ute 
oented. is too larp :tar aapet.!.c proepecting the ga1111111. 1• ased which is l.O ..S 
Nl"IJW.. 
!'!I!!!!• Suoepttblli:'z o£ Boob. Sasceptibili'l.7 is the a,s\ signt-
tlcmt 1lllgllllttio proper'7' o:t rocks. The A--,t.iblli t.7 ftriea aignil'icant;l.y' 
with rock t,pea. !be igaoua and metamDrpbic rocu are geaeraJ..q more n.e-
cepUb1e than aed.i.aeatar';r_ nek•• and basic rocks are JION nsceptible tbaa 
acicH.c rocks. (Sn J'igare 1. page 9) •. 
Bi8'or;J 
w 
Xagnetic proapeetillg is the ol.dalJt o! the gee,phJ'aioal aetllocls. lfore 
iuD a hlUldred. 1Ml"S · have elapaed since the •s.1dish aini ng COIIPNr' was 
11.rst eaployed 1n 111.petic exploration tor oraa. The clip needle and Botoh-
ld.n nperd1p wre later aoditicaUons ot the siJlrple miniq coapaaa. Barly 
:ln the 19201 s the Scb111d1; -.go.eUe balance, which ill uecl t.oday 1n •~ 
the .... .tora_ vu de'nl.eped :tor grolllld. poaapet.ic aC"'feJ'8. 
Vacquer at t.be GIili" JleNU'ch ad ~ OOJ1.P8B7 had worked on aa 
~ .._1*1ner betere tlta 8eooD.d World. War. The ~t ot tu 
airbm.wt -.gaetwter 11U collpleud 11llder .uitar:, aupicee and \J8ed in the 
detect.ion of. 8'llballrinea. Since l9h6 Comllerc1al aiJ.'bctrM magmtoileter IRll'-
Tfl78 have COftreci are area than. all the gl!'01llld agu\ic SUl"'ftJ'• d.nce the 
!J/ Dobrin, H.B. a !I?.• !!!•, p. ,. 
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0veru;,'e 1:13.gnetic susc(;')t.i.,;ility .1f ;urfncn S,:ll' c:n , .. nd, c:or•es ,s rr.easur<:!d in L,l)'Jrat,ory. (Magno:l..ia Petroleum 
Cor 0ration - taLen from Dobrin) 
FIGURE 1 
...c 
' 
:rr.. \be beg5mtn1 -,,aet.1c ear "'1• 111ft ~ Wlll:rd. tblt dataot.1.0II 
al .. bodies. but. slDoe tl1e late l920's tibe treat bu ahaapd to.rd ~ 
plaratton tor petrol818 NU':laa IIU'Htan .. 
Jnev BIDie 21 
'1'be dip aeeG.e wa in the ..,1.y aapeUe 1111 fll78 tor ._ w l:lt1.'la 
JION thm a ....,.. •er.Ile Iba\ -. .free to .,.. 1n a ftll'1d.oal plw.- ti, 
w • ~ w:lpt, atachad • oaa atcllt or tha pi"°'- In~ 
the 1Migl'3 is a,ftid 8'11 the Dllfle is~~~ aaild. !a 
ha1.moe ....... (P'ffl.kt.uaal .... ........ ...... ObaDpe Sa t.1118 'llll"ttaal. 
CMIIpDDlllt of the earih'• mapUc t1twt, eb#.np• Ille• 1t, ot \ha~ 
force llltl1eb 1a t.a c1etleo1is the agl~ of inolinatd.on o£ tile •1.1dl•• '!td9 
~ is TW7 Cl"lide., ad it.a _. 1a ~ to ouU1a:lng l&rll .,... 
al1" oaacl bJ' slaellow ....,..Uc _,..s-. 
A laler da:1 laJ I Ht. or t.be cJdi) -.0.. 1IU t.be ~ ~ ftd.s 
~ ax1e am a~ bar 111.th a~ a Uta em llhicb 
1a nteohed to ti.he aeedle at. tlle pint. potn. the '- aN _.. • angle 
tibn caa be ...W. WlJell Vie ~ 1• 1n ~- tbe 1lllgllet.1o ••dle 
19 perpendiealar to tu toW. 1'1eld of' tile earth Ud the •iald'Ad _.. la bor-
1Hata1. Chance* in the -.:rt11•. aagnet1c f'1el4 vlll .... ntat.ian ~ 1.11a 
., ... i.. 1~ 1s in a naa or ~ eqdl11,riua ell hSply ....s.u. .... 
The ~t 1a Nl:lablff onl;r OD drODg IIIIPttUC .... 11 ... 
!he ~tne ....-tie .t1eld balame 1a t.ha ~ t.Jpe --
.... 1v _.. for c,aad lllllgDetaater nr••JL !he ia:.8tar11 m at ie basleaU.7 
tdll)le mm ...,...... It coad."'8 or a •g,set. p1'1Dire4 al1&htil7 oa center. • 
tu• t.he rnpnto ftel.d ot the Nl'lb _..... a _.... uOiiillld 1lb9 pivn tbd 
.:_- --:-"'.":'-·-- -···----
1. OJP1111&1 bJ' t.11e-.. rd u. gra;n.\ational pull vpoa thlt oemer. 1'ba 
atzeagtll o.t tu flAwl ~ t.ha agle at. wb1ch ecp:dllbr:5:a is reNJhe4. 
The tnatruamate _.. pne1e1oa _. to at.tat.a a wad- degree ot Wlldt:1:nt7. 1 -
Th• Sobtd.clt,-t,ype ftelll balawe ._ -' ••m the ablOlu.tl,e mapet.1.c f1eld. 
Jlathar, it. IIIIUU'Wa wll ._.. in field ~.. Theae bal- are 
or two main 'l,Jpes. Ona t,ype ....... the wrt1ca1 a,IIJK:!DID~ o.t the urtn•e 
~ f'1e1Al aad. tlle otbar• tbe llol"1saatal aapmr t,. 
The Se1Dd41;.type ~ r1al4 'baluoe is uect •jnJ, t• recorwa1 .. 
..,. _.,..,. to loaat. ba.•-• .t•tllru tddoh _,. atf'ect the ffV1ying 
~ -t.1an. The .,.._. ~ ~ a 111111r17 borillollW ....-t 
Cltll"UBted papnttodar to the aag,aeUo. ar2.cl:l.aD • that. t.he hor1Mdal .... 
ponmn ot the urtb' • .._tt.o fteld_ ......_ 11D ettect. The m&pt 1a balaaoed. 
Oil a Jad.1' ...... diaplaoetl fJa the --- or cranv beta ~ and 
~- (See F1pn 2. paara12). the 'IV'lt.aal -.-u.c fteld. ~ the eart.b. 
ao1d.ng oa the polee, ... - .... ~ matt.on# and the gra't'i-
-.t.ioml .tONe, cloek:v!• rotat.i.aa. the eqa:111.bri;aa poai:t.1.on ie indicatecl on 
• ~ ..:Le hT a li&bt, beaa ref'lacwd fl"OII a ......._. &"ached t.o t.htt 
...-t.. Aa tile wrt.ieal ..... tu t:1el4 c...,• at ditt~ looattone, ti» 
pom.t.1.on t4 ecpdl.ibria aldfta,- aad tibe dtffrm 1n aeale r1a:Unp tad:lcate• · 
"tlle d1ttvmoa in thl ftl"l.i.oal .nelds. _ 
The qata 18 1lade 11P ~ tw panllel idaaUaa1 aJlglllt'te. The1' are 
attached on eppnl.ta &I.dee d a ._...,ua ..._, bl.ook _.frala which rode ....,. 
Wldag wights for QllllplN'11N wl lat.itllde ODllplDUt.toa eztem !D appoalta 
~. 1 quaru ~ p111v-... 1111a blNlc. ._ open.Ung t1111 
ellUN ....tag ..,..._. la emlo-4 in a .-11-tnmlaed ..... pwtraed bJ' a 
Waa1epe ad by a 1...- .., ... tor 1"41a:lng aad l.O'flari.nc tiJle ~ 1'NII 
S.11,e ........ 
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FIGURE 2 
VE RTl CAL M AGNETOM ET ER 
f. FOCAL LE NG TH 
2.MI RROR 
$ILVE~ED. 
, 
8. TEMPERATURE WEIGHT 
9. SENSITI VI T .. V WEIGHT 
3.HALF flRISM MIRR'Oli: /O~OUARTZ KNIFE EDGE 
4.EYEFIECE LENS 
5.0BJECTIVE LENS 
6:SGALE 
7.LATITULlE WEIGHT 
11. QUARTZ SEARING 
12.CAGING PEGS 
13.MAGNETS 
14. INSULATION 
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J I i ; i ! ! i i ! i l : i ! I f i J f l ( J ~ i i I 
- f • J ( I l I . I r . f I a 
• I f f i f ' I I . I ~ J f f 
r ; · t I I i ! 1 1_ l I l !_ ! ~- I . 1 1 1 It i: ! fl ( 'l I f 
pagel2). Thi;r.; instrument cont.a:!.ns 3. Centigrade thermometer wh~.ch is read 
at each stat.ion. "With the aid of a mirror. The t,~::mperature: coei."f"icient :!."or 
the instru.ment is determined by heatir.g the instrument in the l.aborator7 and 
reading th 0 sea.le at i..11.tervals as the magnetometer cools. The average of 
tw trial.s was ueed L, computi.J1g the f'ield notes. (See Forms 1-2., pagealC-17). 
The temperature eoef£icient tort.bis partieu.lar instrument ffli1S 0.055 scal.e 
division £'or each 1° Centigrade.. The bui-.. temperature tt.."<l'U11ll7 used ltlen sur-
veying in normal. temperatures is 20° Centigrade. A. cork :1.nmil.ation surround• 
the i.'mer ca.ere so that rapid ehangnF. :i.11 temperature within the instrmnent are 
prevented.. 
The telescope throng!i whJ.ch the scale ia read c..m be focused :for max-
:i..'mll'll sharpness. This iti accomplished by loosening a se.t screw and lengthen-
ing or ,horwrring tti.e length 0£ the telescope. 
Ex'trene caution nnurc be used when bandllag the i.,.'l.,,c:;tri.:i.ment so af'; not to 
damage the delicate quartz knil'e-edge. The sensitivi:t.y as well as the aceur-
aay of tr,n inr~nt depend largely upon the perfect eondi:t.ion of this kr'...if e-
edge upon l'Jhich the system pivots. The kni.fa-edge reS'tB upon two ,1uart,1; 
bearings whenever tlm il.ist.r.:i:ment is measurtng tl1-,' vertical ma~t.ic component. 
Upon completion of a reading the inetrum.erit is caged by lifti.ng the k::ii.i"e-
edge !rom th.s bearings by me.ans of an external lever. 
Care mu.et be used in lrooping the instrmnent dust. :fr~• The working 
part.n o:f the system are enclosed in a tight case~ but still it is necass-ary 
to clean the bearings and knife-edge. 
Seneitivit7. 'l'he sensiti:vity 0£ the instrument is adjueted by a 
,;•ighted ~w l;{hich is located in a pl.ane perpendicular to the magnet.. (Sae 
£'ignre 2, page 12). Whan this weight is moved out, the 801U!it.i-.rit7 increases. 
The eell.Bit.ivi.ty screw of the lskania is f'ound beneath the block, ;.here-as the 
~ J.arae alternating current in a coil around t.be !ll&gBet, the 
nnl:t.at field. 'lllll aa"11rat& the owe. A llMSUN 0£ the ·Nrtb.1 s abien't 
field is obv1n-.t b7 .... ~ a To1'1leter at. the pllue ~ Noh energis1ng 
cyele A which ea~on 1e :re&OW. 
'l'he a.ir-bulae ugm~ bu been adapted to ott-ahore magnetic pna-
pecting bJ' titUDa the ••••• hdlo a vaMl"-t.i.gl:tt almdmw oantaimr. 1'ld.e 
· llld.1. is pulled f:a:r eDOllglt. behind a boa• 1io rwmt u:t.rueoue magnet.io torau 
b:oa the boat.. 
The YariOUlr ~ are each ad.tea ror part.1cw.ar pnapeoting 
ooad:11d.ona. the ~ ~t, hu J.arael7 np1aced tile Scdndclt..t.J.pe 
fiel.4 bal ._. ....._ ~ l.arge 8Uff7 1• lllde beoa_. ot it.e epeed., and &1ae 
because 1'1 nuomaes anowalftll conditions exisU.ng at the ~ 1 s sart"ace,. 
file cost o',f an ~ S\U'N,f 18 prohib:1t1Ye wh• ~ a 81Jl"ftJ' Oftr 
a ...u --.· 
1.ut.twt.~ 
Lditwte. 1'he 1n'8Lru111urt, i• at. tor VJe lat.it.lade in 1111ich the .t'lel.d 
WOl'k is to be done. This ie uCOllpl..illbad b7 .... of a laUt.ud.e 8CNV or 
eerew. !he Sprengnether J1111D8talrter ued daring t.he 1'1nt, halt ot this 
sa.rver did~ haft a C011peDsated Q"lltela. !laeref'rare, two lati'lude screws 
were adjusted until the aca1e ae oentend at 1ihe latitude et the bue n.a-
fw'm. !he Aakmda ~ ued tor the NMincler or the •1:ll"ftY bu a 
cempeua.tad s.,nea eo that than is ODl7 oae laUt.uda screw oa the eouth end. 
or th• .,....._ cs. ttgqN 2. pap 12). 
t!!e!'.!'tlll!• ·The 8pr'eapll__. tutrmlea't waa no't 8qldpped with a ther-
...,._. • ao taper&.-. COJ!'1"9Ctl.on ... --~ !he lakaia insVallut. ie 
t D l(C'&twft CO!lpeDRiied., ·but, ' f+al'&t:an ~ODlt 1IU'9 Mde. flut .... 
,_....,... lld.1........_ ...... 1a on t11e Mrth ad or •• .,...._ cs.. ft&w'e 2. 
- , J..0 
TRIAL I August 11, 1952 
Deternt'!..nation o!: temperature coe.ftieient Askania 92956 
T:tma 
-
2:21 
2:26 
2:)1 
2:)7 
2th2 
2:47 
2:$4 
!!!rl~rm Scale Divisions 
15.6 
1S.7 
l.6.1 
16.1 
16.1 
16.1 
16.2 
'l!!!P!!!:t.ure oc. 
.38.0 
.3.3.0 
31.0 
31.0 
JO.O 
29.0 2a.o 
TRIAL II 
Determtnation or- tamperature coef'ftcient Askania 929'>6 
Time 
-
4:20 
4r22 
1u23 
tu2$ 
4t28 
luJO 
4:34 
4138 
~ Scale Divisions 
16.2 39.0 
.38.o 
.36.o JS.o 34.o 
J.3.0 
32.0 
31.0 
i\.vera.ge o.f 2 Trial.• .06 
.os 
16.S 
16.h 
16.5 
16.5 
16.5 
16.5 
16.6 
2 l :if 
.hO • .05 Scale Division/ 10c • 
.., . 
or .35.6 x .o5S. l.958 'l'J"c. 
• 2 "Y/00. 
17 
ll"'.:anirl. t1 vi ties are ootemJ11,•::id t y ooserv-1 ig de!'lec~:fons cau~c-,d by k?lO'W!l 
cl~"lges ot !isld. Thi~ is usua.lly ac~OO!f:li$'hed by a lLtl:mholtz coil which 
mm :1 previr.,uely determined p:roportionalit:r constant.. An ~r meafflll"es 
the nmr:!'llnt of current going through the coil. '1'he E".1-ectrie current. creates 
a uni.f'orm m."igiletio field aero$~ the bal~ that; is proportional to~ cur ... 
rent. 
H • kl 
':A> use a cal.ibrattag ~t. The moment. of.' thtt'! m,gnet. is dete'..rmined in the 
laboratory. It is placed at vat"t,,,.u,, pointf!t :,;J.ong a R,;raduat.eti bra~ tube 
located uni.iernea.th the magnetometer •. 
set for a ~n.~i tivit.y 0£ 321.h ~ for eae.h seiue divi:rlon and later for 
326 • .4 gamrs-.as tor· eaob ecal.e di.vision. (s~ f°ortlt$ 3-4, pages 19-20 ). The 
:Jivi.l:'tion. (~'ee for.115 !5-6, p&gos 21-·.22). 
!nattr.xrixen:t.$ Used 
il,:trin;:r thi~ course of t:h,;;; ffll::."vuy, . tlm ;".ch .. tddt. typf: vert:toal intensity 
ma~tomete~ 'WP.m:, lJ.8ed. ( ~ee figure!"! 3-~, page 23) • The !1.rst half or the 
EtUI"VeY (Tom,.ship~ 1$6 tlu,:mgh 151 nortllt f~fl 69 tbrorigh 71J west) was d~ 
with a Spra!\:~thii5r i:n.st,r:twent, ti.er-Jal ?l'i.l~ lo6.). 'l'}:,e rm~.u:t:Llg area 
(Tm:\Tr"..ships lSO through 11i5 oortn. ~-es: 69 t.hrough 74 -west) lffl.:, BtL-V-~OO 
with art Ar;k~mia i..'1Dtl"ulment, serial illltllber 929$6. 
Field ~ and Corrections 
H:ugby' was chosen as tho base stat.ion. 'nle actual st.i.tion wae J.oca.ted 
a mi.1~ i?'..ast of' town $0 ~t. ~us ll'.a~idc forces 'ii!CUld be at a l'P.in1Jll'l..ll!!. 
' 
18a 
An atsolute value o! the vertical intensity 0£ the e:u-th•s field war, not used 
in this survey. The arbitrary value of 15107 gam,11aa at Ru.gi.::iy was cllosen to 
tie in 'lid th a previous survey by !Janeen. ( f'-ee page 4) 
Fie:ld Report tor Instrument No. ~ther 1063 
Inetrwnent Set. !or Latitude Rugby Date June ~ 1 1.9z2 
1 :':'r 
-, 
0 • - Dllf'erence Jieduced to 5 MA. 
2 HA. h7.9 50.7 45.7 S/2 x s.o 12.s 
l Mil. )1..7 li5.2 S/3 x 5.5 9.2 
4 llfA. 52.3 43.8 S/h x 8.!> 10.6 
s MA.. S3.9 4.3.0 10.9 10.9 
6 JlfA. 54.8 !u..3 S/6 x 1.3.S 11.2 
7 MA. 60.J Ia..o $/7 X l9e) 13.7 
8 MA. f::lJ.7 36.7 5/8 X 24.0 J.$'.O 
9 MA. 47.2 69.3 34.7 5/9 X Jhe6 19.2 
Average I1P..ading9 at S MA. 
-
12.8 
-
Sen.<d t:i vi ty a 2.1.c. I • current. in MA. 
ii1-1t2 C • Coil Constant • 1.ill.J 
R].-R2 • Ditferenc• in scale reading 
Se.ale Value• 2 x 5 x hll.3 : .321.4 gammas l)Elr scale division. 
12.8 
Form 3 
Field Report !or Instrument No. r;Pmi,;net.t'1er 106J 
Jh5trwqent ~3et for La.ti tud.e Rugbz Date J;uJ.z 151 Wg 
0 • - Dif'.tenmce Reduced to s f,f,A. 
2 M.ll. 1.i7.B so.o !;6.4 5/2 X ).6 9.0 
3 PA. S'l.7 b$.8 S/3 x S.9 9.8 4 MA.. $).7 16.l SA x 7.6 9.S s ~.J.,. S6.7 w.,..2 n.s n.s 
6 m. 59.0 ta.9 5/6 X 16.l 1.;.1.i 
7 !hl. 63.7 1:2.0 5/1 X. 21.7 JS.5 
8 'ft\. 65.6 ao.e i;,/8 X 21,..6 lS.S 
9 •• l:1., 69.h ~.7 5/9 X 29.7 16.S 
AV'C"age R.eauings at $ MA. 12.6 
I • CUf'?'{,mt in MA. 
Ga Coil Constant a !tl.J. • .3 
It1-R2 • Difterenea in scale reading 
Bcal.e Value• 2 x ~x 4U.3 -- 326.L. ~s per scale divieion. 
.; " 
Form 4 
TRIAL I 
Field Report :for Instrument No. Aekan.ia 9295'6 
Instrument Set. for La:titude Maddock (oriented N at 90°) 
0 ... 
-
Ditterence Reduced to 5 MA. 
2 ·MA. lh.9 20.8 8.9 S/2 .x 11.9 29.7 (omit, aeeJllll o.t.f) 
3 Me 2.3.h- 6.2 S/3 x 11.2 28.6 
4 *· 26.2 3.3 S/4 x 22.9 26.6 ~ MA. 29.l 0.1.i 2a.7 28.7 
6 KA. 31.8 -2.h S/6 x JL..2 28.S 
1 MA.. 34.S -s.1 S/J x 39.6 28.3 
8 MA. 37.3 ..a.o S/8 x 11$.3 28.) 
9 *· L.o.2 ..J.0.9 5/9 :x 51.1 28.h 10 MA. 14.7 h.3.2 -1.3.8 1/2 X 57.0 28.) 
Average ieadings at 5 MA.. 28.48 
C "ti •ty 2.LC. l • current in MA.. • '8llS'.l Vl. . : 
~:.s; 0 : Coil Co.nstant • 100 
R1-R2 • Dif'.f'erence in scale reading 
Scale Value• 2.$.100 
28.! ' 
22 
!IIAL II 
fl.alcl laport. tor 1:utrt 1 ,t •• .Aakad a 9228 Date A!&'!!t, 1::$1 ;&2S 
»aav,1 rat; 8d tor·· I.aUtada •ddoek (Gl"Ulltad. a a 210°) 
0 • - DUt'cm ......... 1osa. 
2a.. lS'.l 22.7 11.) ~ xn.lJ 28.S (om~ ..... ot.t) , •. IS.la a., /') X J.6.8 21.0 
,_ .. 21~3 s.a sA x 22.s 28.l 
Sa. ll.O 2., 28.1 28.1 , .. n.s o.i 
~6 X 33.o 21.s 7JL 36.2 -2.3 Ix 38~$ 21~S 
8 •• ,a., 
-5.1 ~ xW..o 21.s , .. 14.6 -7~8 Sh X ht.I. 27.h 
10 .. 16.8 hl&.6 -u.o i/2 X ,SS.6 21.a 
Anrage lead:1 np A't s •• 21.p 
A ....... ot Trtal I am a 36.» 
2 
..... ,S.6 ··-·· per eoale dtY.lat•· 
.. 
g,2 The Spr ngnether gneto ter 
th helmhol tz coil. 
Fig.3 The Askan1 
hel.mholtz coil. 
Fig.4 The Askania gneto eter in 
surv ying po ition. 
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The Jlllglletic mteuity ot t.ld.8 . .tat.ion •e dateriai.raa4 f'nn. a nation at lc:nom 
aagnet.ic inteneity near t.eeds. f1IO road trips between LNds and RupJ' wre 
Mite, using a Oal.t leaeareh Mgnetwt.er. Di.lll!"Jl&l ftriati.ona wre p1ot.ted 
and co1"1'eeted f'or each ~. !h4I renlting read1np wen __...... 
!be latitude adjllalii tmt. ot the ~ ~'t 11'88 at :tor Iba 
latitude ~ Jl1agbr• aad tile 811Ultd:dty arcnw 11U ~uW. The aenat:td.:d."7 
wae t.ben det8l'lliud 111.lb a leJJlbolta coil, amt 1'U f'o'Qlld. t.o be l21.lt c•••• 
per ..:Le ctlv1ala. Thia ~ ...., not, equipped. v11ib a ~ eo 
no ti sapen:m.re c::ornct:lo• WlltN Ill.de. !hie tact.or 1a ceJ:'ta..1.n\te 1.rdndace ... 
.-iw". 
After ball the area wu ... w,-t an ABU11ia 1nstil'alla wu 1l8de U&il-
able, and this •• Nt tor the la'titade of' Jfaddock. The aeatd.ti.11'1.t-7 aa 
f'eund to be JS.6 Ill I 18 par N81e cli:l'illllaD. The ~ ooefftoient o£ 
ttds inetramt vu o.OSS aeale di'f'iaion per daaree CeaUgn,.te. The aa:x:U-
i.u7' magnet. vu not. needn ta the -. _....,..,. but. tt wu ued when cback-
ing the inetraamt. OYV t.be -- lmolm hips 1a tbllt area to tb8 ea.et. 
The diurnal agnetic "t'ariation is one rd the chtet oauaee tor in-
there v1ll be a notieuble ftl'iat.ion ~ t.ll8 dq. Por th1e reason 
tm ~ are .....U.-s used togetkel'. The one is located at the hue 
8'ati.on and :read aft iDterYals *1le tba other iutnJllant is Mking the tra-
..,..., The ~iona are plot;&ied. oa P'&Ph paper ad the dilJl'Jl8l aorrecUoaa 
.... 
Whan IIBld.ng the au"'f81' 1Ulidar 4180Uldon oaq one ~ wu l18a4 
_. the dl..-1 ftl'ia1d.cm was datemined. by ntundng ta 1ille or:ScSul- na.Um 
~ wh t.'nmltr• mcl p].eWnc a ~ U. CW'ft b'all tile Ya'l'1aMm. 
~ eaa:ncUOD8 an llllld.e Uthe~ 1a equipped wit.a 
-· ____ ,, __ _ 
----·-~-
~. In the cw ~ the Askama ~tar the ....,_..tun oo-
atticient •• found. to be o.OSS per acala cU.fl.Slon tar NCh 1° Cent.ignda. 
An:dl1&1'7' .....,. oonNt.tona are uaed. 1iibea an area. le ~ t.h&'I 
" 
1s ngnetinll7 b1gh GI' 1- ao ·that, tile .,...._ h88 llOftd oa ~ Bi-- ~ 1138 
ataUonar,r ecala. When. an MD1J:1_,. .._t ia ued it 1a w•••••__,. to opea '. 
the .... and obage tbe lat.1.'11da.•t'1ag. An a1:n1ar, Jlll&Dlt't.1• ~ 
in t.ae gradated ni.ok 1lldaraedh ... ...... (See f'1pne J-5. paae2J). 
The cu:Uiary ._, --. hue 8111W>le ~ to ~ the ..i. ,....qng 
to the dN:lnd. ,-1'1.icm. Tu pNwdarw _... ill this to .._._ 
..._ the ~ of the M'ldJir17--' as to taD ~ mil tile 
.,... laaa Dea deflected allloa to the end ot the ..i.. 1'hm • amdlt-., 
-.., vu chosen tbat *-~. into t.119 e.xbmacm rod 1IDUld br.bg t.-
..,.taa back to a deld:red ..i. new. When tlda bad bean dme• Ule taeuu 11 a:t 
WU N'1n'md and read at, •NNl pnrloua 8'aUone wl:th the a:tensioa rod m 
the .... poe1 Um. the dif't'ereace el l"UfH op witbcmt. the am::lliuy J1111111t1, 
and v.lth \he au:1l1ar:, mapet. WillJ aftl'apd tor w,wal 8'at1ons,. ad thi9 
pw the at.nmgtb o1 the IDIXSl!sq mapet --1. 
l'a t.he t.'l10 1nat.aacee dur1nc the 00\8'119 or tbe ilW NJ when lsrae -.. 
mu. .... u .. 1n • adjcdmna ... wre crhHmd., th1tr prooad.me ..... wrr 
~. la both -..a 1ibe enonliN Wl"8 111111D9t.i.c h1gba• 80 the DDl"th end 
o£ tile llllJdlia'l:3 aagnn. was placid 11JJNM. ill t.11.e alenatm 1"04. Thie •uld 
be ........... ftl"NJinc & ~ i.. 
LaU'1de ad lonc2t.la ~.,. IIIMSe to ,,...,..1;e tv tll8 
Ncl,oml. CND ... in Use wn!oal llllpin,1.o tieW. ~ ~ piblillb 11 . 
t.ables or ~na tor -...r1ou8 _..... 1n the UN. am Nyecl t.he msret4o 
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intensity il:i.creasee ten· gawnas every mile t:raV'fJl.ed north, whereas, the :mag-
netic intensity increases three gammas every mile traveled east. 
The form used for caleulati.ng i"ield notes was of the t.ype in 'Which pl.us 
and llinus values o£ correct.ione tor diurnal variations and lat.i tude and longi• 
§I 
t.1lde changes a.re entered directly'. the temperature readings were adjusted 
to 20° Centigrade. '?.he diurnal variation as datermined for each station b7 
plot-ting a ~ht lim c'lll"ft rar each township travwead. (See fol"Jl8 7•14., 
pages27-34}. 
Whe.n a distinct change in scale readings from the last station was 
noted, sever.a.l ~reek stations at fif'ty foot. interval.e went taken. Two 
readings wre taken at. e"lf5ry station.. The magneto.meter head was oriented 
to :magnetic north by means or the removable compass. Then a reading was 
taken wJ. th the north pol~ of the magnet system point.:ing eaEJt and another with 
it pointing wst. 'l"ne two readings were averaged. Two instrument checks were 
made dur:ln!!, the sum.mer over known magnetic highs. The first 0£ these was 
made near Ramsey, and ?Otll t,be ~ngnether and A.akan:ia inatruments agreed 
w1 th the an.oma'.1.7. La1.er in the summer a second -.gnetic high near .Fort Totten 
as used aa an ~t cl\eck. This time only the Aslam.ia was checke~ and 
the refftllts were atiatactor;y. 
Readings were ta.ken at. ea.eh mile around a toww;hip with tliio stationa 
taken one mile apart near the center of the township. A£t.,r the travvwe 
The diurnal v.a.ria:tion was distributed to every station. Borth Dakota et.ate 
Highway maps were. used as base ape. 
, 
Sta. 
!lo. 
1 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
-·-
-.,.,. --.._ -
2 ~ 4 
'DAAA ,t .., ..... )(oo.n Me...'\11 -
B \ o l!1 :n to w Tine 'l'OOP 
C!'l"\ ~o Cff\ t.O _..,f"\o-
2 
L7.1 h7.1 12:t;6 
-
h7-~ li.7.6 1 !Ol, 
47.2 47.3 1:10 
47.4 47.3 . 1:16 
47.2 47.5 1:2'4 
h7.0 J,7. 3 l!~n 
47.2 47.3 1:37 
47.0 47.2 1:45 
li7 .4 47.2 1:51 
47.4 47.2 1:57 
47.3 47.4 2:03 
47.3 47.3 2:11 
47.3 47.4 2:17 
47.3 47.2 2:23 
A-:-- Rugby - Pierce County 
R 72W Tl56N 
-
~ 
Tn'l".T"" 
.Jo:r . 
~ 
4XKt 
.1.1.Q..L 0.-L.\..I.QV.L.L ___ _, ..... t""' .. ............ 0 ...... - .... & ........ .. 
h 
Koan 
~ 
"! ~ 
. 2 
L7.3 
h7.c:; 
h7.3 
h7.h 
47.4 
J,7 .2 
47.3 
47.1 
47.3 
47.3 
47.4 
47.3 
47.4 
47.3 
7 F'. Q in ,, 
Corr. Co:i:r. Av.x :>11-1· Lnn. ; 
a~"".d R,,,1.:., ~ ·:,.,g- J C'"'";' Lat 
.,. • ''!'f . 
-· ,.. 
6+t; 7Y°R 
7601 0 0 
76'.n +?.C:: _,n 
7601 4.6 -20 
7617 6.c:; -10 
7617 9.3 -40 
1c:;ac:; 11 _? _J .~ 
7601 13.6 
-53 
7569 16.0 -63 
7601 18.0 -60 
7601 20.0 
-57 
7617 22.0 
-54 
7601 24.5 -51 
7617 26.6 -48 
7601 28.4 -38 
Temperature Coefficient= Kt 
Scale value• 160.7 ¥/s.D. 
Form 7 
, ,, l~ 11'. 
!ho" Con 17'., I 
va1u~, S..:: ..,.__ r· , . ~ -) ~ 
-
~- ~ 
" 9+10+ 
11+12 8-13 
7601 7601 0 
tt 17C::o~ c:: '.lO C:: 
II 7S8S.6 1S.h 
II 7r::,77_c:; 19.c:; 
It 7S70.'3 h6.7 
II 7C::f..O.? 1 C:: R 
II 7561.6 39.4 
II 7554 15.o 
II 7559 42.0 
It 7564 37.0 
II 7569 48.o 
It 7574 .• 5 26.5 
-
II 7579.6 37.4 
n 7691.4 ... 90.4 
, I:: 
,.t. 
: ti'! ~ 
. = c:: 
11+x 
c:;107 
c::, ),? 
c:;122 
c:;1),7 
c:;1c:;J, 
C::1?~ 
5146 
5122 
5149 
5il4 
5155 
5134 
5144 
5197 
07 
f\) 
--J 
1 2 't b. I. h 7 
-· 
'C.-.o,1,1 "" ,,.. Sta, Met'»l )le~ Tomri 110,~.1 Corrt> 
No. N to lll M to W ft.mo !l'ei:m Ot):t> .. ~00. l3.1,J('.fL 
~ t,O A'n i)O _?no"· r:m ~t 'i .,.. 
.N 47.6 47.5 2:30 h7.6 
0 47 .. J 47.1 2:36 47.5 
-•·'"' 
p 47.3 47.6 2:42 h7.5 
. 
Q 47.5 47.5 2:1..i.8 47.5 
R 47.7 47.7 2:56 47.7 
s 47.5 1..i.1.6 3:02 47.6 
T 47.5 47.6 3:08 47.6 
u 47.8 47.6 3;14 47.7 
I h7.8 47.4 3:23 47.6 
-·-
-
A::. Rngh;iz: p; R 7?r serce Cmmty 
• .. i ·, T.156N. 
Form. 8 
r:s Cl ,n ,, 19 
002~:,;. A111'. J)i.nr Lol'.16 Bnse 
Ro~l ).i;:.\~.l, Oori~ tat Value. 
...... 
"'" 
~" 
.. . .... 
-
- . 
u M. 
"'' 
7649 +30.7 -28 7601 
763.3 32.? -18 It 
7633 Jh.6 -8 II 
7633 36.6 +2 It 
7665 39.0 +12 tt 
7649 41.0 +9 It 
7649 43.0 +6 It 
7665 45.0 +3 rt 
7649 48.0' 0 II 
Tempera.tnre Coeffic~ent = Kt 
Scale value = 160. 7 ~~.};). 
l 'lt 
-Qox-r 
lfar:1 
.,,. 
~ 
7603.7 
7615.7 
7621.6 
7,639.6 
765'2 
76.51 
7650 
7649 
7649 
Ill. 
l,I. 
lk'.a~ 
n 
48.C 
17._ 
'5.u 
-6.6 
13.C 
-2.0 
-L.O 
16.c 
0 
1.11: 
,.,t 
:aa.-,·s 
,..:~.;.i:;1 
515.5 
5124 
c;112 
.5100 
5120 
5105 
t:;106 
5123 
.5107 
? 
I\) 
co 
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Sheet. l & 2 of field notes. T.J561i., R.72'W. Pierce County 
Station l 121,6 7601 Y 
1 lt23 761&9 
2 &=., 27 min. .i48 
lh7 min. -8 
A 8 m!ii. -t2.~ correction 
B 6 h.6 
C 6 6.S 
D 8 9.3 
E 6 U.2 
I' 7 1).6 
G 8 l.6.o 
K 6 18.o 
I 
' 
20.0 
J 6 22.0 
' 
8 2.h.S 
L 6 26.6 
M 6 28.4 
• 7 X,.7 0 6 32.1 
p 6 ~.6 
Q 6 36.6 
R 8 39.0 
s 6 hl.O 
' 
6 43.o 
u 6 4S.O 
1 9 h8.0 
Fara 9 
,.... 
s; 
() 
·-
• I j_ 
: : i 
-+-...... --+--""T 
t 
~ @ 
,11 = "IJS "[ S'Bt!I'lli'e{) 
0 
r-! 
30 
,; II 
\;.. 
+" 
~· r·:' 8 tr.: 
:::: ,-1 
z 
r~ 
I 
n 
C 
~ 
"' 
'z ~ i'l 
" _ o 
:.;;; 
C --; 
. "' 
Ul(,j 
•"' 
·z 
0 
0 
Au~ st l > 
92 
I I I I - . I - I - I - I - I - I I I 
G 
3g_ 1 . 9 16.0 26.0 11: 16.0 0 0 80 _o I ill2 
I 
A I 16.0 _15.-2 2~0 16_._Q + • + B4-l 
II I Sl6_..1 
II • r:.t..7 ,. I_,. ('\ r:.I $2~ 
T saJL -::.6n..o _s212. • 
I I 
II 
F I 13. 3 I I 13.2 t26.0J 1 :03 I 6.o I 0. 3 13.3 I 1 1 _ f, I J, RJ. _? I I o ?I _,,71 II 
G I 13. 3 I 113. 3121.01 1:21 I 7 .o I o.4 13.3 13. 7 l loH7 _ 7 1 I 11 '.) _ J,I , I " 
H I 13.1 I I 12.9 121 .o: 1:32 I 7 oO I o.4 13.0 13.7 1487.7 1 12 . 1 _ 1, 1 I " 
I I 13.4 14.2 27.0 1: Jil, 7. 0 o.h 13.8 
I I 
14 .. 2 5o~. 5 13. 7 -381 n 
J I 13. 6 14. 2 27.0 1:53 1.0 o.4 13o9 14. 3 1509.11 , ,, l - ~r:. , " 
K I 13. 6 1.h. 2 28.0 2:07 8.o o.4 13. 9 14. 3 509. 1 16. rn - 32 II S6h. 3 I - Ss. 21 5277 
L I 14. o 14. 3 21. 5 2:18 7.5 o.4 14.2 14.6 519. 8 11. : - 22 II I 575.5 -55. 7 5276 
... 
M I 11. 9 I I 13.0 128. o 2:30 8.o o.4 12 .5 12.9 459. 2 18. ,~ -12 It 586.9 -127. 7 5204 
Southeast of Maddock - Benson County 
T.151N. , R. 69W. 
35.6 ¥/sd. 
0.055 s. n. /1°c 
\.,J Form 11 f.....l 
l.li!IU:t:;tf.iJII I ' 
'I 
13:ki. 
N 
0 
p 
Q 
R 
s 
32 
.;l' 
,~!oloi~ t thrt •re:roi ~,. of l!orth 
August 15 195 2 $l.U1V':l'.:l01" _}!_~a.la.son 
2 'l( >t ~ h 
~,~A.r1 .ii ~"\ ,. "' )le{'.).U Me~ Tf'l!lp Xoo;J. 
N to lll 11 "ho W 11'1r:lc. lj:13:ITI) :1r,~c. ~;1...1, 
""'1i .,.(: i::.on tiO •• ..,n•:)- t.'f"\ '1 T'l L' 
11.9 1h .. 2 28.c 2:h2 +8.~ +o .. c, 11.i .. 1 
11.i.h 11,. 3 28.t 2: r;i; 8.r:, o.i, lh.4 
lL.2 1.h.8 28.t 1:08 8.C, (). r; lh .. c, 
15.4 15.6 28.( 3:20 B.o o.4 15.5 
]2. 7 · 13.0 28.~ 3:35 8.5 os 12.9 
12.7 12. 7 29.( .3:42 9.0 o.5 12. 7 
16.3 16.7 30.C h:02 10.0 o.6 16 .. r, 
A:::·~., 
-~ 
Southeast of Maddock - Benson County 
T.J51N., R.69W. 
7 
·1 " J J ';;'"'L 
-v:;· 
•. 
11, .. 6 
14 •. 9 
1r;.o 
15.9 
12.4 
13.2 
17.1 
Form 12 
I;:,~1tl"!'ll'1Y;ut Askania 92256 
r (\ ,n 'f'l 
On ·1:· .. ~· ~ LOJl{! 
1l:)~fi1 !Mt:,'";?. L;]t 
~-, ,., .,,,r 
- ' 
9 
C,J9 .. 8 +20 .. 0 
-2 
530.4 21.3 +8 
t;1l, .c 22.7 +18 
566.o 24.o +28 
477.0 25.5 -1 
469.9 26.3 -11 
608.8 28.r, 0 
35.6 Y/fld. 
o.o.55 s.n.; 1°c 
,~ , ".; 
J,-,,:]:;l 
..,,..,. ,., 
c;'80.1 c;'98- 1 
" 609.6 
tt h?1 () 
" 
632 • .3 
It 60J.io8 
It 595.6 
It 608.8 
1 n1•11 .m nrz :: Hllfl 
1'-1. 'I;;: 
V,I. ri.f~ 
}\.:'· 
,;, =S1 t~ 2 
-78.C: c:;:;>c;), 
-79.2 r;2~3 
-R? .c C:?),~ 
-66.: 5266 
-127 .E ,201.i 
.. 12,.7 ,206 
0 ~1'12 
\..._: 
N 
DIURNAL CO~:Rf.CTIO~ FOR AUGUST 1$, 19S2 
S'neet $6 & S7 _ 
of field notes. 
Station 32 11,39 
.32 4:02 
ti ni. ~3 min. 
263 mil'!. 
32 0 
~tation A 11 
B 14 
C 13 
D 12 
E 12 
F 22 
G 18 
H 11 
I 12 
J 9 
' 
1h 
L 11 
M 12 
N 12 
0 13 p lJ 
Q 12 
R JS 
s 7 
32 20 
sao.3 ¥ 
608.8 
i28.5 
~8.S 
0 
l..3 2.a 
h.J. 
s.s 
6.9 
9.2 
u.2 
12 • .3 
1.3.7 
J.h.6 16.o 
11.2 
18.6 
20.0 
21..l 
22.1 
2b..o 
25.S 
26.3. 
28.S 
Form J.J 
33 
Benson C01mty 
34 
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•r! 
.., .. 
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A'T: 
., . 
0 
)( 
0 
lJ 
I'\ ,, 
z 
n 
I 
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& 
" 
'1 
~ f1 
:c 
' -r 
r; 
C 
GEOIDGY OF THIS PORTIO!'t OF NORTH DttlWTA 
The area lies in two phy-siographic prortneea, the Central Lend.ams and 
2/ 
the Great Plains. These provi.."lCes are dirtded by a d.rif't-covered erosional 
e~ whicl1 taces east and crosses the area approx.i..matel.y nort.h 60° 
1n:urt !l'Om the southeast. comer of Wells County'. The Great Plain& lie to the 
sout.hvest ot this escarpnm~, whereas the Central Lowltmds occur to the north-
east. The largest pa;r1'; of the area is within the lkstern Lake r-ection of the 
Central. lowlamifl. The remainder o£ the area is included 1.n the glaciated 
Mits&ouri plateau sect.inn of the Great Plains province. (Plate I, page 2) 
The Western Lake Section ot the Central. Lowlands provin.ce in North 
Dakota bas been sub-divided into the. Bed River Valley• Drif't Prairie, and 
'l!!/ Souris River Valley. The Red River Va.1.le-y is to the east. 0£ t.he area 
covered by this investigat.ion, and t~ ~aill"i~ River Valley eomprlsee only a 
asraU.part of northwestern Pi\:trce County. The Souris Ri'Nr Valley is a rela-
t.ively fiat l.a.ke plain rormer1y- occupied by glacial Lake ~ouris, and here 
the Bouris rli ver draine to the north. The Dr:i.f't Prairie is a gently rolling 
to hilly, drift-covered region in early t.opogra;phic yout.h. which in the arP..& 
mapped is drained mainly by the Sheyenne River lloving from ,,_st to east. 
The glaciated Missouri Plateau is characterized b:y the Imob-and-ksttl.e 
topography o:t end moraine deposits and has considerable relief'. The end 
moraine lies on an eeca:rpment probably anderla1n by Tertiary depom.ts. 
The northwestern part of Pierce County ex.tending al.most to lblgby was 
36 
. . w 
covered by glac!al Lake !'-ouris. · Tht1 aur:tace depos::t ts in that area consist 
or beach ridges and lake sediments overlying the glacial drift. Three belts 
of end moraioH cross the sou them part. of' the county in a :northwesterly 
di;nect.1on. !'he. northern part. o.r Pierce hounty is covered by a recessional 
moraine. The dritt is very thick and reaches a maxinnw of three htmdred feet 
in the moraine north of Pl.euant; I.akB, which is just outside the area eontl'ed 
by this report,. The Pierre ehal.e of' Cretaceous age underllss the dri.f't ill 
moat ot the area. An outlier ot probable Fox Hills occurs in a rail.road. ant 
w . 
west or Sels. This outcrop was visited by the wrlter, and it. is o£ interest 
to note that. a small ant1clinal st..ructure is present. The strlka is gemr-
all.T north. 
Outwash pla.:1ns occur in r:,everal. parts. ot the county on the sc:nth and west 
sidee or the larger moraines. The d.ritt in most places is underlain by 
Pier:re Shale. Outcrops of the eh.ale occur along the She,-enne River and 1n 
the vicinity o.r Fort Totten Bq. Theee outcrops are east 0£ the part. o:t 
Benl!On County eovered by this report. 
'l'ha:t part or Wells Count.y vhich if" east o.r the escarpment is covered by 
'}!/ 
gently rolling ground moraine. The part west or the escarpment. is alao 
covered b:, drl.tt but 1a ehllracterized by roughly roJJ.ing em ~. Tr.e 
Fort Union formation .fol"ll8 the bedrock in this area. The dritt undsrl.yil'lg 
37 
we:Lla County reaehe~ the maximum thickness of any- place reported in North 
Dakota. Five hundred feet or drift was penetrated by a well 1n the $Wf 
Seo. 28, T. l.47N •• R .. 73W. The underlying bedrock ia the Pien'e shale w:lt.b 
w 
outliers of Fox Hills sandstone. The Fox Hilla sandstone has been noted in 
outcrops 80Uth of Harinty on the~ RiTer-. 
The MiaSOUl"i eeca.rpaent. also ext.ends across ~ County, and the 
. '}el 
area is everywhere co'f91"ed with glaef.al dritt. lo outcrops are known to 
exi""' in Sheridan Count.7, but it. ts probable tha.t thfl Fort Union format.ion 
underlain by the Pierre ehale. 
'!"he tol.lmdng is a li~ o:f w.ter wells in the area surveyed that pene-
trated rocks older than Plaietoeerut glacial d."'"1.tt: 
. 
Wells Co:!:!!Z 
I.ocation Well No.· 
ad.a r-eo. S-T.llt?N.-R. 70W. 9 
bbb Sec. 4-T.l.h7?1.-R. 70li 8 
ddd Sec. 32-T.lh8.ti.-R."/OW. 7 
daa Sec. 32-'f'.lb&i~~. 7fJ,l. 6 
ccb See. 32-f.lh8N."'"R•70W. 3 
aaa ~ec. S,.f .l.h91.-R •. 69W. 
daa Sec. 5-T.J.h9N.-L69'1. 
ddd See. S-T.lb91.-R.69W. 
aad Seo. 8-T.1h9N.-L69W. 
ebb Sec. 3-T.lh9N.-a.70W. 
ddd. Sec. 29-T .1$0M.-R..69W. 
ada ~c. 32-T .1!,'oo.-R.69W. 
dad Sec. 32-T.1$0N.-R-.69W. 
ccc Sec. 22-T .1SOH.-L ?OW. 
bbc ~c .. 27-T.l;OlJ.-R.70W. 
bee Sec. 27-'1'.1SOB.-R. ?OW. 
CCC Sec. Jh-T.15()N.-R.70W. 
I!!J?th in 1'eet to Bed Rock 
Shale at 180 
Sba1.e at 20S 
Sbab; at. 215 
Shale at 19S 
~ at 290 
Pierre? 5hale at 20.b 
Pierre .? eha1e at lJ.6 
Pierre? sbale at 296 
P1mTe ? shale at 290 
Pierre ? shale at 199 
Shale at 90 
Shale at SO 
Shale at, 6o 
Shal.e at 290 
Shale at 210 
Shale at. l.x> 
$ba.1e at 3.32 
Location 
Sec.. 7-t .lh8».-a. ?OW. 
r'eC. 12-'1'.l.481f.-a. n\,1. 
Sec • .3$-T.l.h8N.-R.n W. 
Sec. 17-T .lh6H.-R. 7f1,l. 
See. 18-T.llt81-.-R.70W. 
Sec. n-T.llt7tc • ..a.nw. 
See. 12-T.J.h?N.-R.ttV. 
~. 8-T .lh&f.-R. 70W. 
~ ~ec. 28-'1'.lh71.-R.73W. 
D r.ee. )S.T .lSON • ..a. 72W. 
Bowdon City well 
Harvey City well 
~' see. !,-T.1.h8N.-R.7QW. 
SE ~e. 21-T.lltBI.-B.?OW. 
N'l., Sec. 20-T .lhBN.-R. 70:l. 
Depth in teet to Bed Rock 
~ at 160 
Shale at 176 
2 f'eet green sandstoM at 1.x>,elay 
170 1n 
Shale at .J) 
18o 
162 
Sao 
hOS 
us 
Sb.ale at 200 
1 toot sandstone at 164, shale 
ll:6 
160 
Benson Countz 
Shale at 130 
Shale at. as 
Shale at 100 
!ihale at 100 
Pierce CoWl!i; 
Shale a:t, 120 
Shale at SO 
~,,,, ... 
m,rer ff I tn'n i 312112 
! 
Era 
-
Cenozoic 
Meeozoic 
Paleozoic 
@it 1 it f I tr' f Tlt !ffll Cf .. it 1 'i . t ..... llllillllii1iil t i ri'T ·q'tff 
--
.... ...... t ii R111 II Jlf'lli)fflf rrlll 
Subsurface Oeology 
The follo.'ing 1s the geologic column ot lorth Dakota. 
Period 
loligocene 
Eoc,ne 
Paleooene 
Cret.aceou1 
. 
• Serie• 
I Upper 
Lower 
,e 
Waverlyan 
ptase 
Wasatch 
Fort Union 
,a 
~01:i 
Big Snow, 
son 
Forma:t,ion 
White.River 
Oolde.n Valley 
Oannonball-Ludlow 
reik 
• 
oorara 
BEmton shale 
Unnamed mew.bar 
Greenhorm limestone 
Umuuned member 
Muddy- sand 
Unnamed member 
vJ 
'° 
L 
Era 
-
Paleozoio 
Period 
Devonian 
Series 
Upper 
l'll.WlJ.8 
t I It t , /I t 'It t 
Geologic column cont•d. 
~tage Grost? 
Elk Petn.t 
iii illll 
Formation 
111111 ·rer al 111lllli1C1111ld11illllll 
cl=" 
0 
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Pre-Caabrian.. The Pre-C3.lilbrian rocks encountered by deep tests ehow 
considerable variation i.n li.t.hology. wnenu many wells have encountered a 
p:i.nk orthoclase bio'M.te gJ"anite,_ others have found nrioua grAenst.onee em.ch 
as 1Iornblende t1fl!\.ist., amphibol.ite,_ aod green g:neias. 
Cambrian. The Ca!lilrian i!:3 oot .iell ds'Yeloped in North Dak:ota,anci theN 
is no pneral. agre~ment. on the• deposits .. The Carter OU Oo. N.P.R.R.#1 in 
~ec.. 19 • '1'. ItN., p.._ 62E. which ie in Fallon County, Montana, near the south-
1.mdetenlined &Na. in the !'l?utJlwestem part or the state. ~ geologists 
consider t.he basal gl.au.co!litic w"imipeg and.stones to be Cambri.an.. 
Ordovic1.an. ?he Wf.lmipeg is the oldest. toma:tion or Ordovician age. 
The overlyi..--ig light colored dol.oodtes and 11•.tone• belong to the Red Uiver 
' 
a g,:-ay ,;haly 11:mestone. 
~il'lll"ian. The period is represented in North liakota by i;he Interlake 
Group 1iwilich in the t,ou th-eeiltral part of the state" accordi..1.g to Towse, con-
sists ot a distinetive pale colored t'iue grained. dolomite. It has vugul.ar 
poroeity and (",.ontains quart&oae mmd at the top and base. 'fhe Uf,permost. part. 
is red m.ained and is unocnu•onaable wi t.h 'the OTerlying Devonian. 
Devonian. There is as yet. no def'ini:t.e agreement on the trubdiv:ttd.on of 
the DeYonian i.n Horth Dakota.. The American Association or Petrol.et:n Geolo-
gists as well as Baille have presented nomeael.at.ure for the ile'Yonian.. 
Recen:tJ.:y T~ published a oorMlation oi: the Devonian:, after u:teneive ~-
ing of the cored sections f'rom various •lls. At the present. time this term-
inal.og:r ot 'i*o"Wa! seems to be the mo,rt defd.rable. 
The Ashern formation is a red or redc.ish-bro ... n shaly dolOJn..ite. The 
Ashern ma:,1 be sugary to cryst.alli:m. Anhydrite may be present.. The col.or 
may be gray or greem.sb gray in the d;;aper part of the Williston Basin and 
calcite ffllW. be preee,nt ra~ than dolomite. 'the overlying Kl.m Point f'orm-
ation is a dark-colored, .f:ine cryst.alline, ffhal;y mixture o~ limestone and 
dolomite. The Winnipegosan forma:t,ion i:14 found al'l()Ve the Elm Poi.--it.. It con-
sist8 of a thick sequence of pale brown to gr,.qitlh-orange-pink, fine to 
medium-81lgary dolomite. T"ne next younger formation i~ the *8nitcban which 
is a. light olive to Jll9llowish•sraY fine to medium-$Ugary dol.01nite and. ll119-
stone. tome amount1' of lthale., ~nd, and anhydrite are :present. The "Beaver-
hill Lake equivalent" is a sllal.y and a.nhydr1tic limestone and dolomite vhieh 
is found !lbove tht1 Manitoban. Tl:..e color i.s usually light to yellowish gray-
and the cart:onates are sugary. The top has eeveral Mdi\ua-light gray to 
du~k;r-red d.olomitie shale beds. The overlying "Woodbend equivalent11 i:\'/ a 
thick, medium to dark brown dolomite ,generally fine to medium cr;rstalline or 
sugary limestone toget.her with anhydrite. A thin greonish gray shale bed 
separatee the "Wood.bend equivalent. from the overlyi.ng-Wisku equivalent". 
'X'he "fiif.ku equivalent" is a yellowish gray to dark brown medium crywtal.li.ne 
liJllestone. The "Nislol equivalent" may be biostromal and correlates with the 
prol~fia oil producing Devonian 0-2 of Albert&. There are usually anhydrite 
oede and incl u.sions. The uppermost Devonian is the Lyleton £oration which 
is a retldieh-brown, fL""'le to medium cr;rstalline ~h.aly dolomite am dolomitic 
limestone. Thare is usu.ally amhydrite present.. The base o-r the Iqleton maJ' 
be yellowish grq. 
Miss:iesi5?ian. The base o:t Ui..e Mississippian e,-stem oonsists or shaly 
limeet..ones and dark shale which is the ?nglewood format.ion. 1:he overlying 
carbonate and evaporite unit is kno1on as the Madison group. 'fhe Madison 
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group is divided into the Lod~pole, M!t1tlon C~"l;ron, -:.nd Ch.;.rles formations 
in a:.=:~endi11g order. The Lodgepole f>orma.t..ic"t is .:1 den::;.e chert:,~ l.ight ;f,.ra7~ 
:!!haly l.i!neirt.oue. '!ho :,varly;ng Mission Canyen formation is li6hter it1 :::olor 
m'ld f"ra.,?.ent.:il ar oolitic. The CharL,s T11rtiich is the uppermost fannat,ion or 
the Madison group aonniff'ts of" li::est>0ne or dolomite ld.t.h much anhydrite. 
The .Big ~o~ group overlies the ~..:ulinon Group. It is divided fro1n 
o1:bm. to roungest., in:to the :!.ibbey,. Ott.er, ,:md li".::a.t..~ :f'om..,rtions. 't'he f...tbbey 
farn:at1.on ~on:rists of rodd:t::::h quartz ::nmd~tone, shales, ar..d anhydrite. '!'ha 
. ov~rl:r .... 'lg otter fo~tion l:ta.3 vari-c'.)lored shales md dclom.i.+...e. '!'h.e upper .. 
mo~. Heath :f'or.tl3tif>n is 1nsi:il:, .. a. daJ:.-k oarbouaceon..'! !!hale with eome dolomite 
i..11:terbedded. 
The u1:ipel"l1!0$t Mi.ssit?siJ:iJd.an litho:l.ogio unit is th9 l.msden formation. 
Thi~ formation :ts made up ot pii.lk:1->th dolomites, shale, ,md s<Jll8 sandst.one. 
Pe;ms,;lftnia.n ,and Pe:rmtan. Th~se .s:,st.ems are poorly developed in the 
state, but do oceur int.he eouthuestern part.. 'l'he Penney:lva.nian Mimel.usa 
f'ormr:.t..ion is :made up o:t ,;fhite and reddi~h sandstone. 'fhe ()pee.he f"oma:tion ia 
Permian in age and contd.tits of red aha.le and at.thydrlte. The overlying Mlnne• 
kahta formation ic a purple dolowd.te .and Umeartcn.e. 
Tri1u::sic. The Tl":u:.lmic period i."'l Nor+.Jl D...kot.a ia repre$&nted by the 
r-pear!i!:'h format.ion which condst-8 ot mod.era~ brown ah.ales, sandstoM and 
g;psum.. 
Jurassic. The cyst;em is divided into the Ellis group and the Morr.iscm 
£ormation .. The n.lis e,TO"CP is .:t'iJ:rther divided into the lo'filler Piper and the 
upper Stmdance !'ormations. The Piper is mid.dl.e Ju:rassic in age,. whereas the 
Smldance and Morriscn a.re upper Jurassic. 'the Piper has a fragmental to dena,e 
light-colored limestone at the top .. 'l'he overl;ying ~danee is a series ot 
glanconitic sandstones with interbedded gray tc ~5h-gra.y shales. The 
Morrison formation whicll .forms the uppermost Jurassic consists 0£ vari-
colored shale• and shal$ sandstones. 
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Cretaceous. Tbe Cretaceous period of North Dakota is Made up JU.inly 
o£ fi>1e grai :Jed elastics with scattered .ean,:is as well as sane calca.reoUB 
t:«.ts. The period is divided i..11to uppe:r and lower Cretaceous. The 1owr 
stage is divided into the Lakota.• Fuson tmd Dakota format.ions 1n aacend1ng 
order. The Laknta format.ion is a lifdte ~ne v.lth a. little si"..al.B. The 
overlying Fuson formation is mainly a gray shale but ranges to a sa:actf shale 
and ~. The Dakota formation is a mcaceowr white sandstone with 
pyrite, QPBWl'l and lignite. 
the Uppet" Cretaceoua :is cftrlded into the Colorado stage, Montana stage 
and .Hell.Creek formation in order f?'Oln ol.dest to 70un,.:;est. The Colorado stage 
eonmetl' o.r the Benton .formation at. thi, bqe.. T',ie Benton is a :medium to 
medium dark g;l:'ay ~hale nth bentonite. The formation con:c;ist.s of several 
l1181'1lbersit which are in ascending order, an ·~ member, Muddy sand, u.nn.a.i:ned 
•n1i>er. Greenhorn limestone, and an uppermost. unnamed mellber. 
The Niobrara f'ormat.ion overlies the Benton .to.rmation. It consists 
mainly of p;ra.y ooale vi th ~ calcareous tdal.e at the top. The formation 
outcrop3 in the Pemb:lna Bmn11ain8 in the northeastern part of the state as 
well as al.ong the Sheyenne ri.ver in the central part or Korth Dakota. 
The Pi8l'Te .formation overll.es the Niobrara.. Th.is is an extensive gray 
shale sequence. A bed ot "fullers ea..-th" ocC1Jl"11!1 at the base oE the outcrop in 
the Pf:'Jllbina mountains. At. the upper part ot the Pie:rre then occurs a zone 
oE ironstoDS eoncntions. This aone is more or l.ess transitional to the basal 
part of t.ht? .Fox Rills formation. In Bowman County gae is produced from two 
S8nd ment>ere in t.hE', Pierre sh.ale. The lower of theee two members is the k/7).e 
sand, whereas the upper member is the Judith River sand. 
The Fox Hille format.ion is to~ above the Pier.re, and it consists 
mainly of gray glauconitie sandstones and interbedded greenish-gray shale. 
It outcrope in the south-central part o£ t.he state and in Bowman County on 
t.ho ea$t side 0£ the Baker-Glendive an:ticl.me. 
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The .Hell Creek f'ormati.on is 'the uppermost deposition of Cret.a.ceoUB time 
in North Oalcota.. It 1s largely a continent.al sequence composed mainly of 
f'ine-grained argillaceous sandstones, lign!t.ic shales, and some lignites. 
The Brien member of the Hell Creek is tra.nsi t1onal. from the Fox Hills. This 
menbe.r is known trom the eentr..u part of Mort.on County and in the northern 
part of Si.owe:. CoW1ty. It. is apparent.l-y a mi.nor marine transg:re~don imme-
diately after the begi@:h1g of Hell Creek time. 
Pal.eocene. The Tert.iary Pal.eocene is evidenced in North Dakota by the 
Fort Union fit.age. The lowest .formation of this stage is the marine Cannonball. 
The Cannonball is a sequence of gray to buff sandstone fl and g:ay shales. 'l'he 
Can.'1.0nball intergradee with and is equivalent to the Ludlow :formation to the 
wet. 'i'he Ludlow .formation is :rnade up of bl"OWn lignitia shal.ea. The Tongue 
River formation lies direetly over the Co:mnonball-1..lJd.lm-r. It consists ot 
gray, fin.e to medium,..grained sandstone~, 11.gn.i:tes, ll.gn1tic shale, and gray 
shales. '!'he non-ma.ri.ne Tongue River is the main coal producing fol"'Mati:>n in 
North Dakota. 
Eocene. The Wasatch stage~ of F.ocene age., conro.sts or the Gol.den Valle,-
formation. The Golden 1'<'-illey formation oontii11t.s o£ f'im-grained., micaceoua 
sandstones wit.h llinor amnnt.s of light-colored shales and clays. The baMl. 
part. consi st.s of a sequence of hard white to dark-gray cl.a7S and local llg-
n:itea. The basal sequence has a midd1e part. llhieh is frequently '8l)Dw 
mottled on weathering. 
Olle!!!• The Oligocene system in North ::lakota is repreeented by the 
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White River formation which is .found on oceasio!1a.l buttes in the southwestern 
seet:i.on or the state. These are the rt'Wlant.s of a one t.ime extensive tl.uvia-
tUe mantle tba.t was deposited. ae flood plains tram the upllf'ted areas of the 
Black Hills and. Rocicy Mountains. The deposits are made up o£ conglomerates, 
ooart,e to f'ine-grnned calcareous sandstones, and abalee. There are some 
£re8h-water limestones present. 
Pleistocene. 'l'he onl.J' part of the state not covered by glacial dril't 
lln south and ~t of the Missouri Binr. 
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&lectric Log Cross &!ction 
1'm electric log ones sect.ion wa.e const.ructed f'rom Range &:'); near 
Bismarck., to !,li.l near Grand Eorks. (~ee Plate n, en:t'91.ope.) The deep 
tests need for co?'r'elatif',.g this cram; S9ct1cn an:, f":rom wet to ea.et.: Hmt. 
eon No. 1., sr« SW Sec. 6-T.lh0!.-R.Tr1T; Cont!nental. Oil Co. ~ No. 1., 
r.r,s ~ec. 23-'1\,lb.ON.-R. 77WJ Continental Oil Co •. Dronen No. 1 1 V. ?IE ~ 9-
T .ll,o.tt.-R. 75'J; Magnolia Petrolema Co. ffortb Dakota cute "A" No. 1, N'.E 1'ee. 
36-T.ll&L~.-n. 71,;J; Carter ou eo. North Dakota "'tate 1o. 1., rm s~: sec. 16-
T.lh.3U.-F ... nw; Gont.inenta.l OU c-:o. Lueth 1-lo. 1, m.: NE ~ec. 27-T.lh&l.-R.73W; 
Holbert Drilling Co. Dunbar No. 1., !'r,.r NW ~ec. l)-T.l.46N.-R.6.}rl•J Red Ri:ver 
OU and Development Co. Berg No. l, :!ec. 3S-T.l52N.-R.$l.W. 
The onl;y well drilled. in the area covered by the magnetometer survey is 
the Continerttal Oil. Co. Lueth .,. l which bottomed 1n granitic rock a.t a 
depth ot 6o2o f'eet or 4087 f"eet. below ~a level. The 1"• River Oil and Devel-
opment. Co. Berg lb. l is the only well used in the cross EleCtion Yhieh was 
not. ~lectrie-logged. 'fhe samples o.r the Berg well were umd.ned and the 
format.ion tops picked by Towse. l't-...e samples from the Lueth and Dunbar wells 
were e:xami.n9d by the writer, and the information obtained g.reatJ.y facilitated 
the piekL>1g of' too !'ormat1on tops. The ent:lre conelation was ohecked by 
Towse. 
Mo attempt was mads to ditterent.iate the forrna.t.i.olls of the Big~ 
Group., and the Manitobau, Wi~mipeg,osan and llln1 Point. f'ormations o:t the Devon-
ian System were !lOt diff erent.iated... The Dunbar well oontuinoo 1J5 £eet of 
Devonian 'Which L'lClud.e.e 20 feet or ,~ shern and 1.3 feet of !.irlffOll. The remain-
ing 102 f'eet of JJevonian in t..~is Nel.l wu not d:uforent.tatea. 
The ~t.&17' section thins ea..crtwrd .from a thickness ot 8090 £~ 
in. the Kleven to W.o f'eet in the. Berg. The Pre-C'.ambrian surface rises from 
6168 feet below sea lenJ. in the Kleven to 40h f'eet aoove sea lEm:Jl in the 
.'- -'/ __ . 
the !'o?".!!lll.tions push out betwen. Ranges 80W and si~:l., eo that at. the Berg well 
only the ftony Mou:ntain. :rnterlak.e and Slakota. formations are present. '!'be 
.following thiemee-sea md a:reas er pitlCh-out were obaeJ"ftld. trom the cross 
aect1on ('!'he Cart.er Oil Go. f'tate No. 1 wl1 ii ~eally east or the oon-
t1nettta.l Oil Go. Lueth llo. 1. which sh.ould be kept in m.nd when interpreting 
the cron sect.ion. ) : 
'fhielmNe Tldelme88 Pino.he• out bet.wen the 
FGl"llation at .iO.e'Nn at!!£; nsn,d wlltr 
Greenhorn to Dakota. 64h Dunbar &.Berg 
Dakota 23h 2S 
Morrison 78 Lueth & Dunbar 
$undance 3b6 tuet.h & Dunbar 
Piper 20.3 Lueth & Dunbar 
( ~lia & Carter State 
Spearfish 123 i T.uetb & Garter 
Luetl1 f" Dunbar 
Amsden 120 1-th & Dunba'z> 
Big Snowy' 310 Dronen i North Dakota 0ta.te 
Charles 313 ~ Lueth & Dunbar y :,it ... ~i Mission Ca...v,on 272 ! Lueth & Dunbar 'fA>dgepol.e 62h Dunbar & Berg Englewood 21 Dunbar & Berg 
!..yleton 182 1: Dunbar &: Berg 
'*Niatm equivalen:t;.• 70 j ( Lueth & Dunbar tt1:Jcodbend eqtti.valent" 7S ( Lueth & Dunbar 
•Beaverhill take 
·-
...... 
equiftlent" 183 +I ( Lueth & Ihmaar 
.:.ahem U.8 i Dunbar & .Berg Irtterlake 3b2 13) 
Ston.Y tibuntain 9S 60 t; ori 
Red River 662 'O Dunbar & Be.rg 
Wimipeg S3J § Dunbar & Berg 
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· Basement Complem: 
The Pre-Cambrian rocks eo tar recorded in North Dakota b7 deep teats 
show that there i:; corud.darabl.e variation in lithology. 1.!ttereaa IDaI'O" o.f the 
deep oil tests bot.tom in acidic rocks, such a.ti gram.ta am pink grani Uc 
. 
The Pre-Cambrian rocks 0£ a number 0£ t.eet. wells in eastern North 
Dakota 11ere en.mined and identified. by the writer. 1'h.e lithologic determ:1-
natio.n s are listed be1'otn (!"ome of th@ granites ~ be gneia). 
Pb.illip...carter, w sec.29-T.1361.-R.81.W. 
Dakota lo. 1 
Cart.er OU Co. ~E SE Sec.l8-T.ll.iL1.-R.8nr. 
Semling Ro. 1 
Calif'ornia Co. !1?.i SE see.Jl-T.160N.-R.81W. 
'lhmrpeon lo. l 
Carter Oil Co. NE 1-ffi Sec.16-1' .l.54N.-a.6SW. 
MacQiarmid No. l 
Name vater 1Mll 'f .l.37W.-R.S6 or R.ST;'i°:• 
Contintmtal Oil Co. NE HE r..,c.27 ... f .146N.-R. 73'"1. 
Lueth No. 1 
Rbodee.1 ~ flo. 1 NW IE rec. 18-1'.l.63M.-R.65W. 
Rortbern ltatural Oas NS NE Sec • .36-T.lSh.t"i.-R.6.)W. 
ProdueL>-Jg Co., tee No.l 
Glenfield Oil eo. f:E ~.l.3-I.J.46N.-R.62w. 
1o. l 
llorthern Ordnance NW W See.:,S-T .lJJN.-R. 'TSW. 
1ranklln ID:nurtment 
Company lo. l 
General Atlas Carbon SW NE ~.l$-'!.J.h2N.-R.6SW. 
eo., Ba.rthal. Ko. 1 
H.W. Snowden:, Rudd;r NW SW' See.ll-T.l.32ri.-L4&,;. 
Bros. lo. l 
Amphibolite wit.h 
pyrite 
Greenish-gray gneiss 
Re.ported green 
quartaite 
l'ink granite vi.th 
bi.ot.ite 
Biotite granite 
Pink granite 
B.ioti t.e granite 
with P,rtte 
lame of Well 
Barnett. Drilling 
Inc., Gaier No.1 
Location 
Magnolia Petroleum Co.. NE Seo • .36-T.lhllw-R.7.3W. 
D*ata A No. 1 
Gratton City •1m" wall 
lhmd.l ton Ci ti,v' 11ater 1lel.l 
Sec.l..3-T .l:57N.-R.SJW. 
Sec.JS-T .l62lf.-R.S3W'. 
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Biotite granite 
B1otite granite 
Pulk granite 
A contour map was made of the elevat.ion of the Pre-OSPlbnan surf'a.ce. 
(See Plate m, emrelope) In the area eurve,ed on1¥ one deep test reached 
Pre-Cambrian roclc:s. .For this reason the baamnent. dept.ha of deep tests 
surrou."lding the area :1.nv'Htigated wre used in constructing a buem.ent. contour 
map. The following list includes the wlls used in constructing the he-
;:;'.afflhrlan basement llUrface mapt (Tbe well mJIQbe:rs correspond to the DW!lbera 
on the Plate I1I nap). 
Depth below 
flame ot Well Location Deoth DatUlD 
l. Hunt OU Co. Shoe- t.ffi ~ ~ • .3-T.157N.-R.78W. 720.3 572$ 
maker No. l 
2. !.ion Oil Co.• m.: •~ see.23.:r.161.N.-a. 7~. 5502 387S 
Sebelius No. l 
.). Union Oil of Cal.it., $W ~ ~ec.)S..T.l6L"i.-R.68V. hh98 27Bl. 
Saari No. 1 
4. :Rhodes, Murphy No.l W IE £llee.l8-T.16JN.-R.6SW. 3787 2190 
S. Union Oil or Cal.it •• NE Sec.29-T.l.$8Ji.-R.62W. .3221 l6n 
Acurt..ad No. 1 
6. Union Oil o!' Cal.it., NW H See.28-T.1$9!i • ..ct.6JW. .340ll 181.a.O 
~erYheim Bo. l 
1. Wakefield Drilling SW Sec.31-T .1S8N • ...a.66W. h03) 2!,68 Co., Hlld Ho. l 
a. Rhodes, Gibbens mo.1 $flt. SE ~ec.l7-T.1S7N.-R..6SW'. 3760 2267 
' 
lame of Well Location 
Depth bel.ow 
Datum. 
9. Northern Natural Gu I'fE .tiF. sac.J6-1'.154N.-R.63W. 3267 17SS 
Prod. Co., l,ee lo.l 
IO.Carter Oil eo •• Mac- HE tm Sec. 16-'f.]5h..~.-R.6SW. 3728 2242 
Diarmid Wo. l 
11.li'm.rt. Est.ate, Wald 
Bo. 1 
12.'rhe Calitornia eo.. SW SE ~-31-T.J.60N.-H.81W. 62hS 6719 
Thompt!IOD }lo. 1 
13.Contmental Oil Co.,. NE NE Sec.27-T.J.46I4.-R. 7>t. 6020 L.067 
lueth No. 1 
lSSO 
lS.General At.la.a Carbon SE .NW Sec.21-T.l.42M.,.a.6,3W. 2915 l42S 
r,o., Peplinski Ho.1 
16.Ganeral Atlas Carbon ~ .PIE f'.1ee.l$-1 .. 1JaN.,-R.,6,W. 3112~ 1873 
Co., Barthal No.1 
17.Barnett. Drilling Ine • .,NW W $ec.ll-T.lhl.W.-R.67W. hll,o 2270 
1:.ia.ier No. l · 
18.carter OU co., North .N.~ ~ Sec.16-T.lh.3.N • .a. n.w. '1.45 32S.5 
Dakota ~te No.l 
19.MagnoUa .Pet.rol.eUl'I eo. NE Soo.36-T.lhli.-R. 7:t,,. SS96 3627. 
llakot.a •An !le. 1 
20.Continental Oil eo. NE lCE Sec.9-T.!hOK.-R.79,/. 
tronen No. l 
21.Cont.1.nental OU Co. NW .JlW Sec.3-T.ll,oN.-B.. 7'1W. 
Duemel.and Ho. l 
4232 
4881 
22.Continenta.J...;Pure, ~ SW ~c.6-1\,lhOtt.-R. 77W. 691.tS 5036 
David.eon flo. 1 
2J.Hunt Oil Co. SW SW t-ec.l8-T,.l40N.-R.80W. 8o90 6169 
lleYen No. l 
2h.Carter Oil eo. SE SE ~ec.l.8-T.lhl.N.-a.81w. 8835 6801 
S8fflling No• 1 
2S.Contintmtal Oil Co. MW MW See.,32-?.lJ?N.-R.76-W,. 6166 4297 
lfcCq No. 1 
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Name of Well Location Dept.h 
26.Phillips-Carter• NW Sec.29-T.1J6N.-R.81W. 7766 
Dakota No. l 
27.liunt Oil Co., Olson $'",; NW Sec.18-T.l.6,3N.-R.77W. 7212 
No. 1 
28.Lian Oil Co • ., Huss mi IN sec.23-T.l.6JM.-R.7SW. 6hlS 
No. l 
Depthbel.ow 
Datum 
5759 
S69l 
map covered by this invest.igation are ae .follow:u northeast col"Der of the 
map are.a ~3200 feet., southeast corner 28oo-3DDO f'~, southwest corner 
l.,h00-ls600 .reet., northwest corner h60o-4800 feet. The southeast corner or 
52 
the area investigated should baYe the lea.et. depth 'to basement rocks, mereas, 
the norttn.est corner should have '!;.he· ere,atest depth to basfl'Aent rocks. 
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G&>LOGIO llffERPRETATIOB 
There are eewral geo1ogic conditions wt.dab can ..ilter the regional. 
magnet1c gradient. The conditions that. may cause magnetic intensity varia.oce 
in the area- mapped for this report are aa follGV&s 
1. Glacial depo!,1 ts which vary in type and thickness. 
2. Magnetic iron deri'nki from the .iron-bearing positive ~ in 
Minneeota or adjacent areae. 
). ~t.ructure manif'ested. in the sedimentaey section. 
h.. Relief on homogenOOUR basement rock ,mrtace. 
5. Basic intrusions in a le~s basic baae.ment with structure &mJGd.ated. 
6. Grani:tic intrusions in a more basic basement with structure asso-
ciated. 
The known glacial features al.ready discussed do not seem to et.feet the 
mapping to an;f' noticeable extent. This is probably due to the coarse setting 
0£ the eensit,i:rlty o:£ both instrwnents and the large magnetic c.-ontour inter-
val. used. A trial cont.ouring at aaaller magnet1c interr.us showed ~ small 
anomalies a few o.f' which 11JBY be caused by n.ria.t.iona 0£ the type and thickneas 
0£ gl.acial drif't. 
There is a poesibilit.y that th~ sedimentar'.{ rocks in certain areaa are 
contaminated by iron derived from Fre-ccnbrian deposits in Minne90t& or 
adjacent areas. Pre-Cambrian rocke in North Dakota perhaps contain iron 
deposi'ts sim:Llar to those o£ Minnesota, but &51 y.t. rrone have been found. 
It a sedimenta.1.7 bed mieh as shale has a high VlS.gnetic 11U.aceptibili'ty, 
then it lC>1tld be pot11si.bl.e to map structure contained. in the ~ 
section. 'Bec&11911it of the coarse satt.i.-ig 0£ the magnetometers used in the .field 
work tor this report it is not thought that sedimentary structure alone 1f8.8' 
mapped, even it higbl.j susceptible ~ bed.a exist. '?he iDtluance o:r 
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the aedimentar,y section alone is not considered in the interpretation of this 
magnetometer map. 
Relief on a surt'aee 0£ homogeneous basement rocks can be mapped by 
vertical. intent!d.t;r magneto.metert;., beca:a ... • t.he magnetic intensit.;r Taries nth 
the depth of the basement.. In this ease ma.gne'tic highs wot11d correspond to 
In the area covered by this investigation there does mt seem to be arxy 
relationship betw,en baaimlent depth and magneti.e intensities. Vertical mag. 
netie it1tansity- ranges from a m.in1mam of h.96h ga?llllaS in t.be JIDl"theast. eOl"1181" 
or the area to a maxi.mu1Yl 0£ S662 ~ on the magnetic high in the southeast 
part. cf the ?!'lap area south of fykeston. Accordi11g to the· ba-sement eontoUI" 
map conetructed during this im"estigation.., the magnetic low area in the north-
eastern part ot the area should not have the greatest depth to the baeeme11t. 
There is considerable magnetic relief . over the armi Nhieh suggests that. the 
base!aent rocks are heteropneous. ( See Plate IV and V, envelope) 
111here little ba.eoment inf'orm....-tion is aTidlable., t..be highs of large '!'llag-
netic intensity can be interpreted as intrusions into., or changes within, 
the basement rock, wher'ea.s t.he smaller magnetic .higt,-,.. moet probably renect. 
22,2~2.Sl 
areas of relief on the basement surface.  r. the large magnetic con-. 
tour internl used toget.."ier with the coarse instrument. f.i!Ert;ti.ng wuld make it 
unlikel7 that baeement. rel.is£ on homogeneous rocks are eoom Ol'l the map. 
The magnetic suacept.ibili tie• ot North Dakota baeeamt rocks were not 
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meaeured in laboratory expar:iments for this invest.igation. Published litera-
ture on the subject states that basic rocks have higher nsa.gnet1e suecapti-
~ bilities than acidic rocks. Upon this aseumpt.ion rests much or the inter-
pretation of t.he magnetometer map prepared £or this report.. 
The known basement rocks in North Dakx:rtia vary considerably as to li thol-
oa and presunably as to magnetic 8Wi!CSptibility-. Basic intrusive bodies are 
much J.ese conmion over the wrld than are acidic intruei.ves. Arter considtlrlng 
the Jlall.Y' factors mentioned> 1 t seems likel:y that. the Horth .Da1tot.a. b&Mment. 
complex:, vi.th the exception ot a narrow area. or graru.te adjoining the state 
of Jti..'11'li'!SOta, contd.sts of various metamorphic graenstanes int.roded by acidic 
Hore basic intruaions i.'lto the metamorphic greoostones would result. il1 
with these basic intrnsions. 
There are two strong magnetic highs mapped. One is in Ranges 68, 69W, 
Township 1L$N, and t.he other is located in ~s 74, 7SW, Townahips l4 7, 
lh8::i. Both o;t these magnetic highs are on the edge of the map area so that. 
closure was not accurate:cy detemined, but they both appear to have at lea.st 
2SO gamra:a clowre. These tliO strong magnetic highs are sug~st.ive more o£ 
lltbologie changes than basellellt relief. These tli.lO magnetic anomaliibs quite 
poRd.b1y are intrusives 0£ a more basic type of mck. There ir. al.so a possi-
bility 0£ ba.$emen"t reliat dae to the effects of differential erosion upon tbe 
two litholog:!ae. 
'lbe string or. ~c highs wi:t.h a rev a~acciated low in the southern. 
part of the map may- reflect a green.stone ridge L'lt.ruded by granitic rocks. 
~ Nettleton., t.L.: !2.• ~., p. 201. 
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1Jver t.1'.iese etruciiures the map wuld show magnetic highs except where the 
granitic iri:tru.rions form the Pre-Cambrian surt'ace. Because of diff'erential. 
erosion the granitic areas should be structurally higher than the adjoining 
green...-.:ton.e are&$. This is perhaps the situation llhich exists beneath the 
Continental Lueth test which is located in the center ot a small intensity 
low, and wr..ere an acid:lc granit.ie basement was encountered. The owrlying 
sedimentary roclca could be at!'ected by these basement structures. Therefore, 
the previously mentioned northeasterly-trending line ot magnetic highs and 
lows COt'.l.d conceivably indicate a Pre...cambrian ridge. As has been eu&.o-elfted 
by Lairdw there is a possibility 0£ such basement structures ex:isung. 
The 5400 gamma contour lin.e which points eastward t~m the west -edge ot 
the map is the largest highly magnetic area. This area of high magnetic sua-
cept1.bility :ina.v indicate a regional change in lithology. 
'!JI Laird, w.M.: HIJeoJ.ogy of the \villi.st.on Basin", ~ld Petroleum, p .. h4, 
J an:uaey, l.952. 
57 
A magnetometer SU"vey in re~ to oil exploration i~ .g, regional 
reconmrlsl"!anee tool and, there.ff'»"f"!• it is customary to check an interesting 
found in micro~t:ie ~ 1-,iri!':'lh., because at t}-;t,ir detailed uture, may 
!}I 
eerve as a cheek on the othe~ type,s or geoph:ysieal. mn-veying. 
The t1ro large magnetic high.!; ma.v be more ba.rlc a..?Oea.."i! in t.-'1.e basement 
rock:t-;., and they may indicate etruct.1ll"e,. B01ll'e"l'er., the large eanwa.rd-trending 
magnetic M.gh are,f on the wst f!lide or the lUP area is quite poaibl,y due to 
a regional il'lCI"ea9e in magnetic auseeptihility cauaed by changes in ll:tholog. 
The lower magnetic intensity highs and 1~ are more likely to 1¥'.!lect base-
ment and possibly overlying eedinenta:ry structure. These higjla ad lows t'orm 
at least one northeasterly trend which ma.v be an irregular baaam.ent ri.c:t,,,,e. 
i."ltensi t.y magnetic h1-ghe am lowf'!, which ma:y ratlec-t beth buem.ent. and the 
over1yi."lg sedimentary stru.ctures. (See Plate IV, envelope) 
think that structural. relief or a homogeneous body ia generally indicated. 
Ashu previously boon disew.t.sed, these ehanges in litholog could at.rect the 
strwlture or the basement. and poMibl;r the sed:1:mentary section. 'l'he 'W!"itel" 
thinks that. magnetometer tmn'8)"8 in North Dakota made with a aenm. tive instru• 
men.t settL"1g ean ·serve a det'inite purpot11e 1n ou.tl:ln:i:ng a structural prospect 
if t.be previously di.scuesed geological and ~h)reical elements are kept in 
mind when interpreting the work. 
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8 A SEMEN T S TR UC TUR E OF PART OF NO R l:.H DA KO T A 
GEOMAGNETIC MAP AREA SHOWN o DEE P TEST H O LE S SC A LE I 11= 12 MILES 
CONTOUR INTERVAL= 2001 
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